Previous single studies have found inconsistent results on sex differences in positive schizotypy, women scoring mainly higher than men, whereas in negative schizotypy studies have often found that men score higher than women. However, information on the overall effect is unknown. In this study, meta-analytic methods were used to estimate sex differences in Wisconsin Schizotypy Scales developed to measure schizotypal traits and psychosis proneness. We also studied the effect of the sample characteristics on possible differences. Studies on healthy populations were extensively collected; the required minimum sample size was 50. According to the results, men scored higher on the scales of negative schizotypy, ie, in the Physical Anhedonia Scale (n 5 23 studies, effect size, Cohen d 5 0.59, z test P < .001) and Social Anhedonia Scale (n 5 14, d 5 0.44, P < .001). Differences were virtually nonexistent in the measurements of the positive schizotypy, ie, the Magical Ideation Scale (n 5 29, d 5 20.01, P 5 .74) and Perceptual Aberration Scale (n 5 22, d 5 20.08, P 5 .05). The sex difference was larger in studies with nonstudent and older samples on the Perceptual Aberration Scale (d 5 20.19 vs d 5 20.03, P < .05). This study was the first one to pool studies on sex differences in these scales. The gender differences in social anhedonia both in nonclinical samples and in schizophrenia may relate to a broader aspect of social and interpersonal deficits. The results should be taken into account in studies using these instruments.
Introduction
Many studies have found differences in psychological characteristics between men and women. 1 On the other hand, Hyde 2 argued on the basis of her meta-analysis using a large range of various psychometric measurements that men and women are in fact similar on most, but not all, psychological variables. Several studies and even some meta-analyses have been published on sex differences in cognition, communication, and social factors, for example. 2 There have not been any meta-analyses on sex differences in schizotypy.
In schizophrenia, previous studies on sex differences have found, eg, that men have earlier age of onset, poorer course, and lower family morbid risk of schizophrenia. 3, 4 There have also been studies related to sex differences in symptomatology. Most studies, eg, Hambrecht et al, 5 have reported that men with schizophrenia have more negative symptoms although some studies have reported that there are no differences, 6 and one study even found that women have more severe negative symptoms than men. 7 Studies have found that women have more affective symptoms, whereas studies on positive symptoms indicate no major sex differences.
3, 4 Gur et al 8 have studied sex differences in symptoms by age; they found that sex differences are evident across the life span. These studies on sex differences in schizophrenia have been reviewed, eg, by Salem and Kring 3 and Leung and Chue. 4 
Construct of Psychosis Continuum and Schizotypy
There are different views regarding the term ''schizotypy.'' Some, mainly American, researchers use the term to refer to persons with underlying latent liability for schizophrenia but who have not expressed the illness. These persons have a latent personality with genetic vulnerability for schizophrenia, but they may never decompensate into clinical psychosis. 9 There is evidence that psychotic symptoms are expressed on a continuum from mild, clinically irrelevant forms to manifestly psychotic symptoms. 10 Schizotypy is also suggested, mainly by European researchers, to be expressed on a continuum ranging from psychological well-being to schizophrenia-spectrum personality disorders and to schizophrenia. 11, 12 Also a multidimensional model of schizotypy has been proposed, with proposed dimensions such as positive schizotypy, negative schizotypy, cognitive disorganization, paranoia, and nonconformity. 12 Of these, positive and negative schizotypy are the most consistently replicated dimensions. The positive symptoms of schizophrenia include symptoms such as hallucinations and 1 To whom correspondence should be addressed; Department of Psychiatry, PO Box 5000, Oulu University, Oulu, Finland 90014; tel: þ358-8-3156923, fax: þ358-8-333167, e-mail: jouko.miettunen@ oulu.fi.
delusions. In schizotypy, the psychotic-like or ''positive'' symptoms include, eg, perceptual and magical thinking distortions. Examples of negative symptoms of schizophrenia include, eg, flat affect and social withdrawal, whereas schizotypal patients with negative symptoms are often characterized by, eg, constricted affect and social isolation. 13 Men are suggested to score higher in negative schizotypy and women in positive schizotypy; similar sex differences have been found in schizophrenic symptomatology, especially in negative symptoms. Concepts of schizotypy and it's relation to schizophrenia has been reviewed, eg, by Raine.
14 Schizotypal personality disorder (SPD) can be seen as one form of schizotypy. According to Diagnostic and Statistical Manual of Mental Disorders, SPD is a ''lifelong, pervasive, and enduring disorder with an onset by early adulthood and a stable course''; however, it is also suggested to refer to attenuated form of schizophrenia that may also represent a premorbid stage of this disorder.
14 SPD can be approached in 2 ways. Clinically and categorically, it can be assessed by utilizing psychiatric diagnostic criteria, eg, Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition). 15 Dimensionally it can be measured by utilizing so-called ''psychosis proneness'' scales, eg, the Schizotypal Personality Questionnaire (SPQ) 16 or the Wisconsin Schizotypy Scales.
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Measurements of Schizotypy
Several instruments have been developed to identify subjects at risk for psychotic illness, especially schizophrenia and related psychoses. 20 These schizotypy or psychosis proneness scales can be used to identify, eg, vulnerable but symptom-free relatives of schizophrenia patients. Among the oldest and most frequently used schizotypy scales are the Wisconsin Schizotypy Scales developed by Chapman and colleagues. The scales include true-false items for diverse symptoms of the psychosis-prone. The scales are mainly based on the theory of schizotypal traits developed by Meehl. 9 His model emphasizes a genetically influenced aberration in neural transmission that could eventuate in different clinical schizophrenia, nonpsychotic schizotypic states, or apparent normalcy depending on the coexistence of other factors. 21, 22 An important assumption in Meehl's model is that schizotypy can manifest itself behaviorally and psychologically in various degrees of clinical compensation. 9, 21, 22 The Wisconsin Schizotypy Scales include the Magical Ideation Scale (MIS), Perceptual Aberration Scale (PER), Physical Anhedonia Scale (PAS), and Social Anhedonia Scale (SAS). MIS and PER are considered to measure socalled positive and PAS and SAS so-called negative schizotypy. This categorization has been used, eg, recently by Miller and Burns 23 in a study on gender differences in schizotypy. MIS measures magical ideation, which is defined as belief in forms of causation that by conventional standards are invalid. 19 PER measures distorted perceptions of one's own body and other objects. 18 High scorers on PAS have decreased ability to experience physical and sensory pleasures, 17 while high scorers on SAS have schizoid lack of interest in social interaction. 17 Sample items in these scales are such as ''At times I perform certain little rituals to ward off negative influences'' (MIS), ''Parts of my body occasionally seem dead or unreal'' (PER), ''I have seldom enjoyed any kind of sexual experience'' (PAS), and ''People sometimes think that I am shy when I really just want to be left alone'' (SAS).
There are no extensive reviews or meta-analyses on sex differences in schizotypal traits, eg, on the Wisconsin Schizotypy Scales. Previous single studies have found inconsistent results on sex differences in magical ideation. Higher scores in men have been reported, eg, by Chmielewski et al, 24 and higher scores in women, eg, by Eckblad and Chapman. 19 Similarly, in perceptual aberration some studies have found higher scores among men 25 and some among women. 26 In the positive schizotypy subscales of the SPQ, women have scored higher than men. 27 In negative schizotypy, previous single studies have found that men score higher than women, 24 but information on the overall effect and on how, eg, age relates to sex differences is unknown.
The Present Study
In this study, using a meta-analytic approach, we pooled previously published studies on Wisconsin Schizotypy Scales presenting mean values by sex in nonclinical samples. The aim was to get estimates for sex differences in these scales and to study the effects of age and student status of the sample on possible sex differences. We hypothesized that men would have more negative and women somewhat more positive schizotypal symptoms. We also expected that in samples with younger mean age or comprising only students, men could have relatively more schizotypal symptoms because men have on average younger age at onset of psychotic illness than women. Articles were also searched from Google Scholar and from the reference lists of the included articles. We also contacted over 80 authors who have used these scales and asked for possible unpublished data. We included studies using the by far most commonly used versions of the scales, the 30-item MIS, the 35-item PER, the 61-item revised PAS, and the 40-item revised SAS.
Other inclusion criteria were the following. A minimum total sample size of 50 was required, including no fewer than 15 subjects in each sex. Only samples from nonpsychiatric populations (including student samples) were included. In the case of articles with possible overlapping samples, the study with a larger or more informative sample was included. We required information on mean scores and standard deviations (SDs) for the scales by sex.
Location of the study (ie, country and state, if United States, where the data were collected) and available information on the age of the participants (mean or median, SD, and range) were also collected. The data of all the included articles were independently checked by the 2 authors.
Original Studies Presenting Sex Differences
Forty-four studies with samples from 12 countries were included in the final study. Many of the articles used several Wisconsin Schizotypy Scales. Table 1 presents the instruments used, reference, location of the study, sample size (by sex), description of the study population, and information on age of the subjects for the included studies. The included samples often represented unselected populations, although many of the studies included only students (see table 1 ).
Some studies did not give all the required information, which is why some compromises were required. Barnett and Corballis 31 and Ross et al 60 did not report SDs by sex, so the SDs from the total sample were used for both sexes. Jaspers-Fayer and Peters 44 used a 4-point scale in MIS; however, they dichotomized the scale to 0/1 in the analyses to be comparable with previous studies, and these results are also used in the present study. Chmielewski et al 24 and Kwapil et al 46 reported results by ethnic groups; in this study, these groups were pooled. Balogh and Merritt 30 reported normative data for MIS from 2 Indiana universities; these were pooled to one sample. If median or mode age was given instead of mean that was used in meta-regression. Nine of the samples did not report average statistics for age; these were excluded when studying the effect of age but were included when comparing the samples including only students to the other samples.
Many of the studies included have reported psychometric data on these scales. The main findings of validity studies have been that the internal consistency of the scales is good. Vollema for SAS. The predictive validity for psychosis has been best for a combination of the MIS and PER, but also promising for the SAS scale. 64 
Statistical Methods
Effect sizes (ESs) for sex differences are presented with 95% confidence intervals (CIs) using forest plots. 65 ES is calculated by dividing the difference between mean scores of men and women by the pooled SD. Cohen d values were used as measure for ES. Cohen 66 describes a d value of 0.2 as being a small, 0.5 a medium, and 0.8 a large effect. In this study, negative values of d mean that women scored higher on a dimension, and positive values of d indicate that men scored higher. We studied the heterogeneity of the studies by the Q and I 2 statistics (with 95% CI). Values of I 2 range from 0% to 100%, reflecting the proportion of the total variation across studies beyond chance. A value of 25% describes low, 50% moderate, and 75% high heterogeneity. 67 Due to the possible heterogeneity based on the CIs of I 2 , the studies were pooled using the more conservative random effects method in all the scales. Meta-regression with a z test 65 was used to study the reasons for heterogeneity by exploring the effect of mean age of the sample as a continuous variable. We also studied whether samples including only students differed from other samples, which included mainly older participants. Meta-regression models were done both separately and simultaneously for these 2 variables. Estimated pooled mean values (with SDs) of the scales are presented by sex. We also made an influence analysis in which the meta-analysis estimates are computed omitting one study at a time. 65 An a level of .05 was used for all statistical tests. The data were analyzed with Stata 9.0. 68 
Results
The included samples had a total of 41 003 participants (40% men). The studies were possible heterogeneous in sex differences in PER (I 2 = 31%, 95% CI = 0%-59%, Q = 30.65, P = .08) but not in the other scales (I 2 = 0%, 95% CI = 0%-41%, Q = 18.66, P = .91, in MIS; I 2 = 0%, 95% CI = 0%-45%, Q = 14.79, P = .87, in PAS; I 2 = 0%, 95% CI = 0%-55%, Q = 5.38, P = .97, in SAS). Figure 1 presents random method ESs for differences between men and women in MIS. The results are presented using ESs in forest plots with 95% CIs for the studies. The scores are sorted by the ES, and the pooled ES with 95% CI is also reported. The corresponding forest plots for PER, PAS, and SAS are presented in figures 2-4, respectively.
Sex differences were virtually nonexistent in MIS (n = 29, pooled ES, Cohen d = À0.01, z test = À0.33, P = .74) and PER (n = 22, d = À0.08, z = À1.96, P = .05). Men scored higher on PAS (n = 23, d = 0.59, z = 15.91, P < .001) and SAS (n = 14, d = 0.44, z = 13.10, P < .001). In the influence study, ESs were not affected statistically significantly when one study was excluded at a time.
The mean age of the samples was not statistically significantly associated with ESs of sex differences when included as only predictor in the model. However, when sample selection (students vs others) was controlled for, in samples with a higher mean age ESs were higher in PER (z = 2.18, P = .03), ie, women scored relatively higher with increasing mean age of the sample. Furthermore, in samples which included also other subjects besides students, sex difference was larger in PER (d = À0.21 vs d = À0.01, z = 3.19, P = .001), also when adjusted for the sample mean age. Table 2 summarizes mean values by sex in all studies and dividing the samples to students only and to other samples.
Discussion
This is the first report that pools studies on sex differences in Wisconsin Schizotypy Personality Scales. The main results of this study were that men scored higher on physical and in social anhedonia, with ESs at medium level, 0.59 and 0.44, respectively. We found no sex difference in magical ideation and perceptual aberration; this was the opposite to that of presented in some of the previous reviews relating to positive schizotypy. 14 
Sex Differences in Magical Ideation and Perceptual Aberration
There were no sex differences in the scales related to positive schizotypy, ie, magical ideation and perceptual aberration. This finding is similar to that found in positive symptoms of schizophrenia. 3, 4 Some studies have compared mean scores between the sexes in other related schizotypy scales and have reported similar findings. However, previous reviews have also concluded that women tend to score higher in scales of positive schizotypy.
14 SPQ is based on the Diagnostic and Statistical Manual of Mental Disorders (Third Edition Revised) diagnostic symptoms of SPD. 16 In the subscale ''odd beliefs or magical thinking'' of the SPQ, researchers have reported higher scores for women. For example, in the study by Raine, 27 the ES was 0.28 and in the study by Miller and Burns 23 0.14. In these studies, sex differences in the ''unusual perceptual experiences'' subscale were small and inconsistent. These varying results in sex differences in positive schizotypy could also be due to differences in the instruments used. In general, different psychological instruments may differ in the way they contain items that are more appropriate for different sexes; this has been suggested to be the case, eg, in a scale for neuroticism. It should be noted that the PER has a more clinical approach to schizotypy than the other schizotypy scales. 70 The current study should be replicated using other schizotypy instruments, eg, in SPQ. 16 We also found that in perceptual aberration women scored higher than men in nonstudent (mainly older) compared with student samples; however, the ES was still small (0.19). This may be due to chance because only a men scored slightly higher again among the older participants. These results may be due to small sample size or may indicate that the possible effect of age is not straightforward.
Sex Differences in Physical and Social Anhedonia
Berrios and Olivares 72 have reviewed the history of the anhedonia concept. Anhedonia is a symptom commonly associated with both schizophrenia and depression. However, Chapman Anhedonia Scales do not measure depressive anhedonia. Anhedonia in schizophrenia has been reviewed recently by Wolf. 73 While the content validity of the Chapman Anhedonia Scales may be somewhat outdated, they remain the standard anhedonia questionnaires in the field. 74 In our meta-analysis, men scored quite consistently higher on the 2 anhedonia scales. On the O-LIFE subscale of introvertive anhedonia, men scored higher in the study by Mason and Claridge, 71 although the ES was only 0.11. In the study by Miller and Burns, 23 men scored statistically significantly higher on the 2 subscales of SPQ, which relate to negative symptoms of schizophrenia. ESs were 0.33 on the ''constricted affect'' and 0.34 on the ''no close friends'' subscale.
John et al 75 found in their retrospective study that women with schizophrenia commonly had anhedonic symptoms before the onset of illness, whereas men commonly had disciplinary problems. This could mean that although anhedonia is more common among men, the women having these symptoms could be at relatively higher risk of developing schizophrenia. Due to this, different gender-specific norms in anhedonia should be considered, eg, in high-risk designs.
Studies on sex differences in negative symptoms, such as anhedonia, among individuals with diagnosis of schizophrenia are inconsistent, although most studies have reported more symptoms among men. In schizophrenia, anhedonia is often present already in the premorbid phase. 76 In our meta-analysis in healthy subjects, anhedonia increased with the mean age of the samples; there is also evidence for this in the original studies of other schizotypy scales. For example, in the UK study using O-LIFE, the introvertive anhedonia subscale correlated positively with age (r = 0.19). 71 Among participants with familial risk for psychosis, Freedman et al 77 found higher scores for physical anhedonia among men than women. The sex differences in schizophrenia, eg, in these traits, may reflect proneness to different subtypes of schizophrenia. 3 Gender differences in social anhedonia (both in general population and among schizophrenia patients) may also relate to a broader aspect of interpersonal or social deficits rather than to the dichotomy of positive/negative schizotypy. 23 The finding of Dworkin 78 supports this: they found that male schizophrenia patients had poorer premorbid social competence than female patients, although they found no gender differences in negative symptoms. Primary (and persistent) negative symptoms often begin already at the premorbid level; thus, premorbid anhedonia (eg, measured by PAS and SAS) could be a risk factor especially for the development of schizophrenia with primary negative symptoms. 23, 76 Horan et al 79 studied schizotypy scales and clinical symptoms in 3 assessment points, and they found that physical anhedonia is less sensitive to changes in symptomatology in schizophrenia than magical ideation and perceptual aberration. It has also been found that negative schizotypy (measured with PAS and SAS) is more heritable than positive schizotypy (measured with MIS and PER) (see Horan et al 79 ). This genetic component may interact with psychosocial and environmental factors. The existence of gender differences in negative but not positive schizotypy in our sample supports this finding. In all, as we have found support for our results on studies using other schizotypy scales (O-LIFE and SPQ) indicating that the findings are likely to be independent of the scales used and are probably based on differences in psychopathology between males and females. 
Wisconsin Schizotypy Scales and Risk of Schizophrenia
The link between schizotypy (eg, measured by the Wisconsin Schizotypy Scales) and schizophrenia is not straightforward. There are some studies that have found support for usefulness of the Wisconsin Schizotypy Scales in predicting psychotic symptoms and even schizophrenia: However, the sample sizes have been quite small, especially the number of new schizophrenia cases after the follow-up. For 10 years, Kwapil 80 followed up subjects who had scored high in SAS (n = 34) and controls (n = 139); at follow-up, 24% of those in high-risk group were diagnosed with schizophrenia-spectrum diagnosis, compared with only 1% of the controls. Gooding et al 81 followed up high scorers in SAS (n = 32) and a control group (n = 44) for 5 years; at the end of the follow-up 16% of the high scorers and none in control group had a schizophrenia-spectrum disorder. In studies comparing subjects who already have schizophrenia and controls, schizophrenia patients have scored significantly higher in these scales; eg, in the study by Camisa et al 32 ESs were large (about 1.5). Catts et al 82 have reviewed studies on relatives of schizophrenia patients, and they concluded that relatives tend to score higher than controls in PAS but not in PER. These findings give support for the usefulness of the scales, but the scales could be developed further, eg, the wording of the items is somewhat old fashioned.
Strengths and Limitations of the Study
There are limitations in this study design. Possible differences in the original samples may affect the results and conclusions of this meta-analysis because most of the samples included only students, for example. There were only 4-9 nonstudent samples in the different scales. The schizotypy scales are often used to estimate the risk of developing schizophrenia, and student age samples are useful for that. However, also among older subjects, scales of this kind may serve in epidemiological research as instruments to detect an intermediate phenotype or endophenotype, reflecting the genetic liability of an individual to psychotic disorder. In such research, the quantitative scales are hypothesized to be more informative than the dichotomous clinical diagnosis. 83 College students differ from other subjects of that age in terms of intellectual ability; but they have been considered generally representative of their cohort in terms of their rates of psychopathology. 84 In future, more studies using samples from general population are needed.
There is still controversy regarding the underlying nature of schizotypy, ie, whether it is fully continuous 12 or not. 9 This article studied scales based on the latter theory, without taking a stand to the nature of schizotypy. In addition, the dimensional structure of schizophrenia is still controversial. 85 In most of the previous studies as well as in the current study, the SAS was thought to measure negative schizotypy; however, the recent study by Kwapil et al 46 found that it also relates to positive schizotypy. We used the mean age of the sample to study the association of age to sex difference; this is not the most efficient way to study this. Nevertheless, some associations were found, although there were only few older (nonstudent) samples. It would have been interesting to study differences between different cultures as well, but we were not able to locate any African and only a few Asian samples.
There are notable strengths in this study. This was the first meta-analysis on sex differences in schizotypal symptoms. These symptoms relating to the prodromal phase of psychosis are of increasing interest. Meta-analyses in general are laborious, and in this study, the literature search was particularly extensive, including several database searches and contacts with numerous researchers. All the studies included were read by 2 researchers. In addition, the use of meta-regression is an advantage to most meta-analyses. This enabled us to present the possible effect of age and being a student sample on sex differences in the scales.
Conclusions
This study was the first one to pool studies on sex differences in Wisconsin Schizotypy Scales. The results were quite concordant with the results in schizophrenia and other schizotypal scales. It can be concluded that compared with women, men had more physical and social anhedonia, which relate to negative schizotypy. The gender differences in social anhedonia found here in nonclinical samples, and also in schizophrenia, may relate to a broader aspect of interpersonal and social deficits. There were some sex differences in magical ideation and perceptual aberration in single studies, but when the studies were pooled no sex differences were found. This could mean that there really are no major sex differences in positive schizotypy; however, this should also be studied using meta-analytic methods in other schizotypy instruments. Based on the systematic search of the articles, we can also conclude that more studies using samples from general population are needed. The data provided on the sex differences in schizotypy should be taken into account in future studies, eg by giving norms by sex, and in general on studies on schizotypy and schizophrenia prediction.
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